Pneumocyte apoptosis induction during cardiopulmonary bypass: effective prevention by radical scavenging using N-acetylcysteine.
Cardiopulmonary bypass (CPB) and cardioplegic arrest are associated with pulmonary dysfunction. We sought to investigate whether pulmonary ischemia/reperfusion during standard CPB and cardioplegic arrest is associated with reactive oxygen species (ROS)-mediated pulmonary tissue injury and pneumocyte apoptosis induction, and whether ROS scavenging using N-acetylcysteine (NAC) attenuates these alterations. Twelve pigs (41 +/- 8 kg) were randomized to receive either NAC (100 mg/kg prior to CPB; n = 7) or placebo (n = 5) and subjected to CPB and 60 min of cold (4 degrees C) crystalloid cardioplegic arrest. We collected lung biopsies prior to CPB, at 60 min CPB, as well as at 30, 60, and 120 min post CPB. Lung specimens were immunocytochemically stained against nitrotyrosine, 8-isoprostaglandin-F(2)alpha, and 8-hydroxy-2'-deoxyguanosine (8-OH-dG) as indicators for ROS-mediated tissue injury and active caspase-3, an apoptosis signal pathway key enzyme. Oxidative stress markers were judged using a scale from 1 to 4 (low to intensive staining), and caspase-3-positive pneumocytes were counted per view field. In placebo, the number of caspase-3-positive pneumocytes significantly increased over time to reach a maximum at 120 min post CPB (p = .03 vs baseline). NAC significantly prevented caspase-3 activation in pneumocytes (p = .001 vs Placebo). Pneumocyte nitrotyrosine and 8-OH-dG staining significantly increased over time (p = .003) in the placebo group, but decreased in the NAC group (p = .004). In both groups staining for 8-isoprostaglandin-F(2)alpha showed no significant changes. This yields the conclusion that standard CPB and cardioplegic arrest initiate ROS-mediated tissue injury and apoptosis in pneumocytes that can be reduced by NAC. Thus, ROS scavenging using NAC may represent a novel approach to minimize lung injury associated with CPB.